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In March 2000, a large outbreak of gastroenteritis
occurred in a community where a regional computer net-
work provides free Internet access for 42% of the house-
holds. We conducted an epidemiologic investigation using
the Internet for data collection. Norovirus was identified in
stool samples of nine patients but not in the municipal water
supply. Of households with access to the network, 19%
participated in the survey. The overall attack rate by house-
hold was 63%. Drinking water from the nonchlorinated
community water system was associated with illness (rela-
tive risk [RR] 1.6; 95% confidence interval [CI] 1.1 to 2.2);
drinking water only from a private well was associated with
decreased likelihood of illness (RR 0.3; 95% CI 0.1 to 0.8).
Data collection through the Internet was efficient. Internet
surveys may become more common in epidemiologic
investigations and have the potential to provide data rapid-
ly, enabling appropriate public health action. However,
methods should be developed to increase response rates
and minimize bias.
T
he Internet is increasingly influencing the practice of
epidemiology. It has been used for disseminating
health information, providing access to journals, and man-
aging multicenter randomized controlled trials (1). During
an investigation of a syphilis outbreak (2), the Internet was
used to notify patients’ sex partners and to increase com-
munity awareness. Use of the Internet has also been eval-
uated as a risk factor for sexually transmitted diseases (3).
The Internet provides advantages in data collection and
collation, which can reduce the resources and workload
required for questionnaire studies (4). However, there are
no reports of community-based outbreak investigations
conducted by using the Internet.
Noroviruses are common etiologic agents of epidemic
gastroenteritis. In March 2000, a widespread norovirus
outbreak occurred in a municipality in eastern Finland. We
conducted a community-based epidemiologic investiga-
tion to determine the magnitude and source of the out-
break. A community computer network and the Internet
were used for data collection. We assessed the feasibility
and methodologic aspects of Internet-based surveys in an
outbreak investigation, including representativeness of the
population sample and potential sources of bias. 
Material and Methods
Setting and Description of Computer Network
Ylä-Karjala region comprises municipalities A(popula-
tion 10,000), B (population 6,700), and C (population
3,000) in North Karelia in eastern Finland. In 1998, an
experimental pilot project in the Finnish information soci-
ety called Learning Ylä-Karjala was begun. The project
aims to reduce high unemployment and outmigration by
providing a community computer network with free access
to the Internet, local discussion groups, local information
areas, and email for private citizens, state and municipal
authorities, private companies, and other organizations.
Approximately 3,500 households (42% of households in
the municipalities) with 4,100 persons regularly use the
regional network. At the end of 1999, 21% of the residents
in municipality A, 20% in municipality B, and 22% in
municipality C were registered users of the network.
Persons who do not own a computer can access the net-
work from public computers located in libraries, shops,
and cafés. Most users (92%), however, access the network
from a home computer. Each week, approximately 2,500
registered users log on to the network; 25% of registered
users log on daily.
The Outbreak 
On March 10, 2000, the National Public Health
Institute was notified of an outbreak of gastroenteritis in
municipality A. During the next 2 weeks, an increasing
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§Environmental Health Unit, Nurmes, Finlandnumber of patients with vomiting, diarrhea, or both were
identified throughout the municipality. The clinical fea-
tures were typical of norovirus gastroenteritis: 1–2 days’
duration and vomiting and nausea as predominant symp-
toms. On March 24, small spherical viruses suggestive of
norovirus were detected in stool specimens of patients by
electron microscopy. Wide distribution of cases in munici-
pality A and outbreaks among groups of tourists visiting
that municipality who reported drinking municipal tap
water suggested that this municipality’s water supply may
have been contaminated. No increases in incidence of gas-
troenteritis were reported in neighboring municipalities B
and C.
Municipality A’s water system provides groundwater
to 75% of the population; the rest have private wells. As
the water is not routinely chlorinated, the environmental
health unit issued a boil-water notice on March 24, and
the municipal water works started chlorinating the water.
Municipalities B and C have their own, separate water
systems. 
Epidemiologic Investigation
To investigate the outbreak, we conducted a survey
among users of the community computer network in
municipalities A, B, and C. Data were collected by using
a standard online questionnaire, which is based on
FirstClass software (Centrinity Inc., Richmond Hill,
Ontario), posted on the network. Only persons who com-
pleted the questionnaire from a home computer were
included in the study. The questionnaire was placed in a
specific message area, and data from the completed ques-
tionnaire were transferred directly to a database. Data
were transmitted to the server encrypted, and the server
was protected by a firewall, both features included in
FirstClass software. From April 10 to 24, when a user
logged on to the network, a notice appeared on their
screen requesting the user to complete the online ques-
tionnaire concerning the outbreak of gastroenteritis. To
increase the participation rate, the survey was advertised
on two different days in the local newspaper.
A case-patient was defined as member of a household
with at least one registered user of the community comput-
er network who had an episode of diarrhea (>3 loose
stools/day), vomiting, or both during March 2000. If more
than one resident of the household was ill, only the one
with first onset of illness was requested to complete the
questionnaire. Participants were asked about symptoms,
onset of illness, and exposures to drinking water from dif-
ferent sources during March 1 to 31, 2000. 
Data were analyzed by using EpiInfo version 6.04
(Centers for Disease Control and Prevention, Atlanta, GA).
We calculated attack rates (AR) by municipality and
household as well as the relative risks (RR) and 95% con-
fidence intervals (CI) for drinking any water from the
municipal water supply, unboiled water from the supply,
and well water.
Laboratory and Environmental Investigations
Stool specimens from 23 patients who were treated for
acute gastroenteritis at the community health center of
municipality A during March 21 to 31 were examined for
viruses by electron microscopy and by the reverse tran-
scription–polymerase chain reaction (RT-PCR) test for
Norovirus, Sapovirus, and Astrovirus (5,6). Routine bacte-
rial cultures and microscopy for parasites were also per-
formed for the specimens. Nine water samples from the
water supply of municipality A were investigated for col-
iforms and noroviruses, as described previously (7).
Results
Epidemiologic Investigation
A total of 672 persons in the three municipalities com-
pleted the online questionnaire. These persons represented
an estimated 19% of registered households with access to
the network. Of all respondents, 508 (76%) were from
municipality A, 59 (9%) from municipality B, and 51 (8%)
from municipality C. Forty-one percent of respondents
were men, and 59% women. The median age was 27 years
(range 6–74). In municipality A, the demographic charac-
teristics of respondents were different from the population
of the municipality: the proportion of young adults 15–28
years of age was higher, and the proportion of persons >65
years of age was much lower than in the general popula-
tion (Table 1).
Of respondents, 368 (55%) met the case definition;
60% were female. The median age was 27 years (range
8–70). The epidemic curve (Figure) shows a fluctuating
outbreak with several peaks. Cases began to increase in
early March; the incidence peaked during March 19 to 23.
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Table 1. Attack rates of gastroenteritis by age group in municipality A, eastern Finland, March 2000 
Age (y)  Population (%)  Respondents (%)  Cases  AR (%)
a 
0–14  1,743 (17)  72 (14)  43  60 
15–28  1,479 (15)  183 (36)  123  67 
29–64  4,975 (49)  249 (49)  152  61 
>65  1,911 (19)  4 (1)  1  25 
Total  10,108 (100)  508 (100)  319  63 
aAR, attack rate; based on first episode of illness occurring in the household. Of the municipalities, the attack rate by household was
highest (63%) in municipality A compared with that in
municipalities B (17%) and C (29%) (RR 2.8; 95% CI 2.0
to 3.9). By direct standardization of the age-specific
attack rates to the population, the total number of ill in
municipality Awas 5,500. Among residents of that munic-
ipality, drinking any unboiled tap water was significantly
associated with illness (AR 65% vs. 42%; RR 1.6; 95% CI
1.1 to 2.2), while drinking water from a private well was
associated with decreased likelihood for illness (AR 24%
vs. 71%; RR 0.3; 95% CI 0.1 to 0.8) (Table 2). 
Laboratory and Environmental Investigations
Nine stool specimens (one from a survey participant)
were positive for Norovirus by RT-PCR. In two additional
patients, electron microscopy results for small, round
spherical viruses were positive. All stool samples were
negative for bacterial pathogens and parasites. All samples
from the municipal water supply were negative for
noroviruses by RT-PCR; the samples also were negative
for indicator bacteria. Inspection of the water supply sys-
tem did not indicate the site of contamination. 
Discussion
In investigating this widespread Norovirus outbreak,
collecting data through the Internet was efficient and yield-
ed a sample of the population with sufficient statistical
power. Among residents of municipality A, drinking tap
water was associated with illness, whereas drinking well
water exclusively was associated with decreased likeli-
hood of illness. 
Widespread Norovirus outbreaks are common, and
investigations may require substantial resources. In our
study, electronic collection of data had two major advan-
tages. First, when questionnaires were completed online
instead of through a mail-in or telephone survey, several
days were saved. Second, appropriate planning of the elec-
tronic questionnaire and direct transfer of data into a data-
base saved much time and allowed a large sample size to
be obtained without additional resources. However,
Internet data collection may cause other delays. It takes
time to set up the Web page and check its proper function.
In our study population, only 25% of users logged on daily,
and half of registered users did not log on during a whole
week, while most people likely answer the phone and
check their mail daily.
Our study had several limitations. Of the households in
our study area, only 42% had access to the computer net-
work. In telephone surveys, noncoverage is usually not a
major concern (8). In community-based Internet surveys,
noncoverage may be a substantial problem, depending on
the topic studied. Because we only included persons who
completed the questionnaire from a home computer, young
people were overrepresented among respondents of our
online survey. Also, although detailed demographics of
registered users of the community network were not avail-
able, young age groups and persons with higher education
and income are overrepresented among Internet users (1).
Only four respondents were >65 years, although this group
represents nearly 20% of the population. However, repre-
sentativeness of participants may also be a problem in
studies that use traditional methods for enrolling partici-
pants such as random digit dialing (9). 
In our survey, 19% of households with access partici-
pated, but defining the exact sampling frame was not pos-
sible. This problem also is similar to telephone surveys
using random digit dialing (10). In recent studies using that
dialing system, estimated response rates from 28% to 35%
have been reported (9,11). In an email study of a defined
group of employees in Alaska, 91% of questionnaires were
returned (12). Company employees likely have access to a
computer and are also accustomed to checking email daily.
The higher response rates in email studies are therefore not
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Figure. Cases of gastroenteritis by date of illness onset in a
Norovirus outbreak, eastern Finland, March 2000. Based on first
episode of illness occurring in the household. 
Table 2. Factors associated with gastroenteritis among residents of municipality A, Finland
a 
  Exposed  Not exposed     
Risk factor  Ill  Total  AR (%)  Ill  Total  AR (%)  RR  95% CI 
Any unboiled tap water  299  460  65  20  48  42  1.6  1.1 to 2.2 
Unboiled tap water at home  251  366  69  19  54  35  2.0  1.4 to 2.8 
Unboiled tap water outside home  240  347  69  50  112  45  1.6  1.3 to 1.9 
Well water only  4  17  24  145  204  71  0.3  0.1 to 0.8 
aAR, attack rate; RR, relative risk; CI, confidence interval. directly comparable with our survey. Whether response
rates in studies that collect data electronically will ever be
as high as in studies that collect information by telephone
or mail is not known. In a recent investigation of an out-
break of conjunctivitis at a university, data were collected
through email and the Internet, and the response rate was
only 50% (13). Telephone or in-person surveys have high-
er participation rates and fewer missing data than surveys
that use self-administered questionnaires (14).
The setting in our study was unusual because a single
provider provided access to the Internet, which made it
easy to distribute information about the survey to users.
Most communities, however, are serviced by several
Internet providers, making it more difficult to access users.
Whether all commercial providers would be willing to
interrupt the log-in procedure with this request and link to
the outbreak investigation Web site is uncertain. As was
done in our survey, advertising the study in newspapers
and other media could be used to increase participation
rates. Data access issues could also be problematic if the
study were conducted through a commercial Internet
provider.
We conducted searches in Medline, ScienceDirect, and
ISI Web of Science (Available from: http://isi10.newisi-
knowledge.com), but we did not find published reports of
community-based outbreak investigations in which data
were collected through the Internet or through email.
Internet surveys are likely to become more common in epi-
demiologic investigations and have the potential to rapidly
provide data to enable appropriate public health action. In
industrialized countries, most people will have access to
the Internet and email within the next few years, providing
epidemiologists increasing opportunities to conduct stud-
ies with online data collection. Defining the sampling
frame and appropriate design of the questionnaire and
database are essential. Response rates and demographics
of respondents should be monitored to minimize selection
bias. The method of choice for data collection in an out-
break investigation depends on the population and topic
studied. Currently, online data collection seems best suited
for investigations conducted in well-defined populations
with high Internet coverage, where the exposures studied
are unlikely to be strongly related to demographic and
socioeconomic factors.
Acknowledgments
We thank Outi Lyytikäinen and Petri Ruutu for constructive
comments on the manuscript; Niina Kupiainen for virologic
analysis of water samples; and Markku Puhakka, Ilpo Koskikallio,
and Jorma Mähänen for assistance in the investigation.
This study was partly supported (L.M. and C-H. v.B.) by a
grant from the Academy of Finland, 42675/98.
Dr. Kuusi is a medical epidemiologist at the Department of
Infectious Disease Epidemiology, National Public Health
Institute, Helsinki. His research interests include the epidemiolo-
gy and control of foodborne infections and outbreak investiga-
tions.
References
1. Florey CV, Ben-Shlomo Y, Egger M. Epidemiology and the world
wide web: is there a ‘net benefit? Epidemiol Rev 2000;22:181–5.
2. Klausner JD, Wolf W, Fisher-Ponce L, Zolt I, Katz MH. Tracing a
syphilis outbreak through cyberspace. JAMA 2000;284:447–9.
3. McFarlane M, Bull SS, Rietmeijer CA. The Internet as a newly
emerging risk environment for sexually transmitted diseases. JAMA
2000;284:443–6.
4. Rothman KJ, Cann CI, Walker AM. Epidemiology and the Internet.
Epidemiology 1997;8:123–5.
5. Le Guyader F, Estes MK, Hardy ME, Neill FH, Green J, Brown DW,
et al. Evaluation of a degenerate primer for the PCR detection of
human caliciviruses. Arch Virol 1996;141:2225–35.
6. Mitchell DK, Monroe SS, Jiang X, Matson DO, Glass RI, Pickering
LK. Virologic features of an astrovirus diarrhea outbreak in a day care
center revealed by reverse transcription polymerase chain reaction. J
Infect Dis 1995;172:1437–44.
7. Gilgen M, Germann D, Lüthy J, Hübner P. Three-step isolation
method for sensitive detection of enterovirus, rotavirus, hepatitis A
virus, and small structured viruses in water samples. Int J Food
Microbiol 1997;37:188–99.
8. Brogan DJ, Denniston MM, Liff JM, Flagg EW, Coates RJ, Brinton
LA. Comparison of telephone sampling and area sampling: response
rates and within-households coverage. Am J Epidemiol
2001;153:1119–27.
9. Olson SH, Mignone L, Harlap S. Selection of control groups by using
a commercial database and random digit dialing. Am J Epidemiol
2000;152:585–92.
10. Hartge P, Brinton LA, Rosenthal JF, Cahill JI, Hoover RN, Waksberg
J. Random digit dialing in selecting a population-based control group.
Am J Epidemiol 1984;120:825–33.
11. Funkhouser E, Macaluso M, Wann X. Alternative strategies for
selecting population controls: comparison of random digit dialing and
targeted telephone calls. Ann Epidemiol 2000;10:59–67.
12. Centers for Disease Control and Prevention. Outbreaks of Norwalk-
like viral gastroenteritis —Alaska and Wisconsin. MMWR Morb
Mortal Wkly Rep 2000;49:207–11.
13. Martin M, Turco JH, Zegans ME, Facklam RR, Sodha S, Elliott JA,
et al. An outbreak of conjunctivitis due to atypical Streptococcus
pneumoniae. N Engl J Med 2003;348:1112–21.
14. Harris LE, Weinberger M, Tierney WM. Assessing inner-city
patients’ hospital experiences. A controlled trial of telephone inter-
views versus mailed surveys. Med Care 1997;35:70–6.
Address for correspondence: Markku Kuusi, Department of Infectious
Disease Epidemiology, National Public Health Institute,
Mannerheimintie 166, 00300 Helsinki, Finland; fax: +358-9-4744-8468;
email: markku.kuusi@ktl.fi
450 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 10, No. 3, March 2004
RESEARCH